Background {#Sec1}
==========

Physical activity reduces mortality and the incidence of non-communicable diseases \[[@CR1], [@CR2]\]. However, a large proportion of the population in Japan and in many other countries remains physically inactive \[[@CR3]\]. Promotion of physical activity is therefore a major public health concern globally. In Japan, the number of walking steps per day has decreased over time from around 1998--2000 \[[@CR4]\], and a health promotion policy is needed to increase physical activity again. To increase participation in physical activity, it is necessary to understand the factors that influence this, and to design relevant policies and effective interventions based on that understanding.

Socioeconomic position (SEP), including for example, household income and educational level, is a determining factor of health status, and it is particularly important to promote a healthy lifestyle in low SEP populations \[[@CR5]\]. In previous studies, lower SEP was associated with poorer health status and unhealthy behaviour among Japanese adults \[[@CR6]--[@CR8]\].

Studies that examined the association between SEP and total physical activity have, however, been inconsistent \[[@CR9]--[@CR13]\]. In a systematic review of European studies of the association between SEP and physical activity across the domains of work, travel and recreation, lower SEP was associated with greater occupational physical activity, but with less recreational physical activity \[[@CR14]\]. It is also important to examine the association between SEP and domains of physical activity (DPA) such as work, travel, and recreation, to identify lifestyle factors that can be targeted to increase physical activity \[[@CR15]\].

There is no comprehensive study examining the association between SEP and DPA among Japanese subjects. Japanese culture and lifestyles are different from those in Europe, so examining the relevant associations between socioeconomic position and physical activity in each domain of life in Japan is important for improving health promotion activity \[[@CR16]\]. The association between SEP and health behaviours varies according to gender \[[@CR7]\]; there are, however, few studies that have examined this \[[@CR14]\]. The aim of this study was therefore to examine the association between SEP and DPA in Japanese men and women.

Methods {#Sec2}
=======

Participants and data collection {#Sec3}
--------------------------------

The data sample for this study consisted of 3269 respondents recruited to an Internet-based cross-sectional survey, which was conducted through a Japanese Internet research company, which had approximately 106,281 voluntarily-registered subjects across Japan in 2014. The company had access to detailed sociodemographic information and was able to target specific attributes. The set sample size and attributes for this study were: approximately 3000 adults, 30--59 years of age, stratified by age, gender, and household income distributions in line with the basic Japanese resident register for 2013, the 2012 Comprehensive Survey of Living Conditions in Japan \[[@CR17], [@CR18]\]. A total of 8284 potential respondents were randomly and blindly selected and subsequently invited via e-mail to participate in the Internet-based survey. There were 3269 respondents, a 39.5 % response rate. Of these, 137 were excluded because of missing data, leaving 3132 participants (final response rate: 37.8 %). The invitation e-mail contained a link directing the potential respondents to a protected area of the website where the questionnaire was located. They could then log on using their own login identity and password. As an incentive for participation, the respondents were offered reward points valued at 100 yen (1 U.S. dollar was approximately equivalent to 102 yen and €1 to 140 yen at the time). All the respondents voluntarily completed a demographic data information form and clicked on the "agree" button at the end of an online informed consent form approved by the Ethics Committee, Waseda University. The study received prior approval from the Ethics Committee, Waseda University, Japan.

Measurements {#Sec4}
------------

### Physical activity {#Sec5}

The Global Physical Activity Questionnaire version 2 (GPAQ v2) is a questionnaire that was developed as a modification of the International Physical Activity Questionnaire for use in multi-ethnic settings by the World Health Organization \[[@CR19]\]. GPAQ v2 was used to estimate the total weekly quantity (in minutes) of moderate-to-vigorous physical activity across three separate domains (work, travel, and recreation) lasting at least 10 min per session.

Previous study has shown that GPAQ has good test-retest reliability and validity \[[@CR20]\]. Translation of the original content of GPAQ into Japanese, followed by back translation into English ensured the reliability of the questionnaire. No changes were made to the original content and wording of the questionnaire.

### Demographic variables and SEP indicator {#Sec6}

The demographic variables obtained from the research company included gender (men and women), age (categorized as 30--39, 40--49, and 50--59 years), size of household (0, 1, 2, 3, 4, and 5 or more people) and the number of household motor vehicles (none, 1 and 2 or more). Body Mass Index (BMI) was calculated from self-reported body height and body weight using the equation BMI = body weight in kg/body height in m^2^. The socioeconomic variables included household income (categorized as \<3 million yen, 3--7 million yen, ≥7 million yen), educational level (junior high and high school graduation, 2-year college degree or equivalent, and 4-year college or higher degree), and employment status (non full time worker or full time worker).

Data analysis {#Sec7}
-------------

Data from 1579 men and 1553 women who provided complete information for the study variables were analysed. All the analyses were stratified by gender. Means, standard deviations and relative frequencies (%) were used to describe the subjects. To examine the associations between SEP and DPA, a logistic regression analysis was conducted to calculate the odds ratio (OR) and confidence interval (CI) for "active" physical activity. The dependent variable was physical activity. For the analysis, each DPA was categorised into "active" (physical activity performed at least 10 min duration during one or more days a week) or "inactive" (physical activity not performed at least 10 min duration during a week). And, total physical activity was categorised by WHO physical activity recommendation (active: ≥ 150 min/week, inactive: \< 150 min/week) \[[@CR21]\]. The independent variables included in the multiple binomial logistic regression analyses were household income, educational level and employment status with adjustment for age, size in household, BMI, and household motor vehicle ownership. Significance was set at a level of *p \<*0.05. Analyses were conducted using SPSS 21.0 for Windows (SPSS Japan Inc., Tokyo, Japan, 2012).

Results {#Sec8}
=======

Basic characteristics of the respondents {#Sec9}
----------------------------------------

Table [1](#Tab1){ref-type="table"} presents the demographic and socioeconomic data of the participants. A total of 3132 subjects, 1579 men (50.6 %) and 1553 women (49.4 %), participated in this study. The proportion in each class for age, size of household, and BMI were significantly different for men and women. The proportion who reported each class of household income (\<3, 3--7 and ≥7 million yen) was 31.7, 40.7, and 27.5 % in men, and 30.9, 41.7 and 27.4 % in women. The proportion who reported each educational level class (junior high and high school graduation, 2-year college degree or equivalent, and 4-year college or higher degree) was 26.1, 16.3 and 57.6 % in men, and 26.7, 39.2 and 34.1 % in women. The proportion reporting each employment status (non full time worker or full time worker) was 23.7 and 76.3 % in men, 70.2 and 29.8 % in women. Men showed significantly higher work-related, recreational, and total physical activity than women.Table 1Characteristics of the respondents, stratified by genderGeneral Japanese^a^AllMenWomen*p*-value*n* = 3132*n* = 1579*n* = 1553n%n%n%Age, years 30--3934.1107234.254034.253234.30.919 40--4935.0111535.656735.954835.3 50--5930.994530.247229.947330.5 mean ± SD44.2 ± 8.144.2 ± 8.144.1 ± 8.10.533Living with family in household (no.) 0 (live single)32.455517.736523.119012.2\<0.001 127.270122.429018.441126.5 218.284126.941426.242727.5 314.470722.634421.836323.4 4≥7.832810.516610.516210.4Body mass index, kg/m^2^ \<2577.0247879.1111170.4136788.0\<0.001 ≥2523.065420.946829.618612.0 mean ± SD22.5 ± 3.823.6 ± 3.821.4 ± 3.5\<0.001Household motor vehicles (no.) 018.072323.136823.335522.90.737 142.9138544.270544.668043.8 ≥239.1102432.750632.051833.4Household income \<3 million yen32.798131.350131.748030.90.831 3--7 million yen40.5129141.264340.764841.7 ≥7million yen26.886027.543527.542527.4Educational level Junior high or high school graduation65.382726.441226.141526.7\<0.001 2 years college degree or equivalent14.886527.625716.360839.2 4 years college or higher degree19.914404691057.653034.1Employment status Non full time worker43.4146546.837523.7109070.2\<0.001 Full time woker56.6166753.2120476.346329.8Physical activity Work  Inactive--261483.5127680.8133886.2\<0.001  Active--51816.530319.221513.8 Travel  Inactive--172455.087755.584754.50.573  Active--140845.070244.570645.5 Recreation  Inactive--233474.5112771.4120777.7\<0.001  Active--79825.545228.634622.3 Total  Inactive--173755.581851.891959.2\<0.001  Active--139544.576148.263440.8*SD* Standard deviationa: age, living with household, educatinal status, employment status: Basic Resident Register 2010; BMI: National Health and Nutrition Survey2012; Household motor vehicles: Market Trend Survey Passenger Vehicles 2013; Household income: Comprehensive Survey of Living Conditions 2012

Household income and physical activity {#Sec10}
--------------------------------------

Table [2](#Tab2){ref-type="table"} shows the associations between physical activity and household income in men and women, with adjustment for age, size of household, body mass index, household motor vehicle ownership, and educational level. Men with a household income of over 7 million yen had significantly lower work-related physical activity than the lowest income group (OR 0.51; 95 % CI 0.35--0.75), but significantly greater travel-related (OR 1.37; 95 % CI 1.02--1.85), recreational (OR 2.00; 95 % CI 1.46--2.73), and total physical activity (OR 1.56; 95 % CI 1.17--2.08). Women with a household income of over 7 million yen had significantly greater recreational physical activity than the lowest income group (OR 1.43; 95 % CI 1.01--2.04), but there was no significant difference regarding work- (OR 0.81; 95 % CI 0.52--1.25) or travel-related (OR 1.13; 95 % CI 0.83--1.53) physical activity. Total physical activity was borderline significant, with slightly greater activity in the high-income group (OR 1.36; 95 % CI 1.00--1.84).Table 2Socioeconomic inequalities in different domains of physical activity among Japanese men and womenWorkTravelRecreationTotalAdjusted95 % CI*p*--valueAdjusted95 % CI*p*--valueAdjusted95 % CI*p*--valueAdjusted95 % CI*p*--valueOdds RatioOdds RatioOdds RatioOdds RatioMenHousehold income^a^ \<3 million yen1.001.001.001.00 3--7 million yen0.82(0.60 -- 1.12)0.2161.14(0.87 -- 1.50)0.3340.93(0.69 -- 1.26)0.6551.04(0.80 -- 1.35)0.782 ≥7million yen0.50(0.33 -- 0.73)\<0.0011.44(1.06 -- 1.96)0.0211.89(1.37 -- 2.62)\<0.0011.49(1.11 -- 2.01)0.008Educational level^b^ Junior high or high school graduation1.001.001.001.00 2-year college degree or equivalent0.83(0.57 -- 1.21)0.3231.26(0.91 -- 1.76)0.1651.09(0.76 -- 1.56)0.6411.21(0.88 -- 1.67)0.237 4-year college or higher degree0.60(0.45 -- 0.82)0.0011.34(1.04 -- 1.73)0.0261.17(0.88 -- 1.54)0.2810.99(0.77 -- 1.27)0.937Employment status^c^ Non full time worker1.001.001.001.00 Full time woker1.22(0.88 -- 1.68)0.2380.96(0.74 -- 1.25)0.7731.06(0.80 -- 1.42)0.6711.07(0.83 -- 1.38)0.583WomenHousehold income^a^ \<3 million yen1.001.001.001.00 3--7 million yen1.03(0.71 -- 1.48)0.8861.09(0.84 -- 1.42)0.5311.01(0.73 -- 1.39)0.9651.14(0.88 -- 1.49)0.325 ≥7million yen0.79(0.51 -- 1.21)0.2771.23(0.91 -- 1.67)0.1801.58(1.11 -- 2.25)0.0111.40(1.03 -- 1.89)0.032Educational level^b^ Junior high or high school graduation1.001.001.001.00 2-year college degree or equivalent0.73(0.51 -- 1.05)0.0931.22(0.94 -- 1.60)0.1411.15(0.83 -- 1.58)0.4071.07(0.82 -- 1.40)0.622 4-year college or higher degree0.97(0.66 -- 1.43)0.8911.54(1.16 -- 2.05)0.0031.34(0.95 -- 1.88)0.0921.16(0.87 -- 1.54)0.322Employment status^c^ Non full time worker1.001.001.001.00 Full time woker0.84(0.59 -- 1.19)0.3210.75(0.59 -- 0.96)0.0210.96(0.73 -- 1.28)0.7950.97(0.76 -- 1.23)0.800*CI* confidence interval^a^Adjusted for age, size of household, body mass index, household motor vehicle ownership, educational level, employment status^b^Adjusted for age, size of household, body mass index, household motor vehicle ownership, household income, employment status^c^Adjusted for age, size of household, body mass index, household motor vehicle ownership, household income, educational level

Educational level and physical activity {#Sec11}
---------------------------------------

Table [2](#Tab2){ref-type="table"} also shows the associations between physical activity and educational level in men and women, with adjustment for age, size of household, body mass index, household motor vehicle ownership, and household income. Men with a 4-year college or higher degree had significantly lower work-related physical activity than the lowest educated group (OR 0.62; 95 % CI 0.46--0.82), and higher travel-related activity (OR1.33; 95 % CI 1.04--1.71), but there were no significant differences in recreational (OR 1.29; 95 % CI 0.98--1.70) or total physical activity (OR 0.99; 95 % CI 0.78--1.26). Women with a 4-year college or higher degree had significantly greater travel-related activity than the lowest educated group (OR 1.49; 95 % CI 1.12--1.97), but there were no significant differences in work-related (OR 0.94; 95 % CI 0.64--1.37), recreational (OR 1.35; 95 % CI 0.97--1.88), or total physical activity (OR 1.19; 95 % CI 0.90--1.57).

Employment status and physical activity {#Sec12}
---------------------------------------

Table [2](#Tab2){ref-type="table"} also shows the associations between physical activity and employment status in men and women, with adjustment for age, size of household, body mass index, household motor vehicle ownership, and household income. Full-time working in men was not significantly related to physical activity, but women who worked full time had significantly lower travel-related physical activity (OR 0.75; 95 % CI 0.59--0.96).

Discussion {#Sec13}
==========

This study is the first to examine the gender-linked association between SEP and physical activity in Japanese adults. In accordance with the previous systematic review of European studies \[[@CR14]\], this study found various associations between SEP and different DPA in Japanese adults. There were also differences in these associations between the sexes. It is therefore important to take into account SEP, DPA, and gender when formulating proposals for the promotion of physical activity.

In work-related physical activity, the men with higher household income or educational status were less active than men with lower SEP. However, the relationship between SEP and work-related physical activity was not significant in women. Previous European studies had shown a consistent association between SEP and work-related physical activity in both sexes \[[@CR14]\]. This difference in this study may be related to a difference in the assessment of work-related physical activity. Assessment of work-related physical activity in this study included housework, while previous studies had excluded this \[[@CR22], [@CR23]\]. Since 70.2 % of women in this study reported that they worked part-time (data not shown), most work-related physical activity for women in this study was likely to be housework. This could account for the lack of association between SEP and work-related physical activity in women.

In travel-related physical activity, the men with higher household income or educational status were more active than men with lower SEP. Also, the women with higher educational status were more active than women with lower educational status. However, full time employed women were less travel-related physically active than non-full time employed women The European review found no consistent association between SEP and travel-related physical activity in either sex \[[@CR14]\]. In a Japanese study, Ishii et al. \[[@CR24]\] reported that higher SEP was associated with more active commuting modes (e.g., walking, bicycle, public transport). In Japan, previous studies reported a significant association between the neighbourhood environment and travel-related physical activity \[[@CR16], [@CR24]\]. The significant direct association between SEP and travel-related physical activity found in this study might therefore be affected by environmental factors. However, the reasons for the differences between men and women in this study are unknown, and further study is therefore required.

In recreational-related physical activity, both men and women who showed high household income were more active than lower household income workers. There was also a direct association between SEP and recreational physical activity in both sexes in the European review \[[@CR14]\], and earlier Japanese studies \[[@CR7], [@CR25]\]. Leslie et al. reported that high SEP residents had easier access to parks than lower SEP residents and used them more \[[@CR26]\]. Psychological factors such as self-efficacy and self-control, and social factors, such as social interaction, mediate the relationship between SEP and recreational physical activity \[[@CR27]--[@CR29]\]. This study did not indicate why there was no significant association between educational level and recreational physical activity, though there was a trend towards an association in both sexes.

In total physical activity, both men and women who showed high household income were more active than lower household income workers. Previous Japanese studies have reported inconsistent associations between SEP and total physical activity \[[@CR9]--[@CR13]\]. Although high household income was associated with less work-related physical activity, this appears to be more than compensated for by greater travel and recreational physical activity.

This study had two major limitations. First, physical activity was not measured using an objective instrument. Objective measurements (using, for example, a pedometer) are generally recommended, but cannot provide data about physical activity in each domain. A self-report questionnaire was therefore used in this study to examine the association between SEP and the different domains of physical activity. It is therefore possible that the validity and reliability of GPAQ v2 is lower than an objective measure. However, GPAQ has been standardized and is used worldwide \[[@CR19], [@CR30]\].

Secondly, this study may have a sampling bias. Participants voluntarily registered with the Internet research company \[[@CR31]\], and many Internet survey registrants expect an incentive from the research company. It is therefore possible that the study subjects were not representative of the local general population. This study may also have shown selection bias, since the response rate was lower in women, people who were younger and those with a lower income.

Conclusions {#Sec14}
===========

Although this study has some limitations, our results suggest that both men and women with higher household income are more active in recreational-related and total physical activity than the both sexes with lower income. However, the relationships between SEP and work or travel-related physical activities are different in gender. To increase physical activity in Japanese adults with lower SEP, it will therefore be important to focus on increasing travel and recreational physical activity. In a follow-up study, the mechanism of the association between SEP and DPA will be examined.
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